The urinary bladder is protected by the pelvic bones and hence is a site less susceptible to external force injury than other organs. As children's bones are not fully developed, the risk of bladder injury by external force is greater in children than adults. Pelvic fractures often cause the bladder to rupture, as do strong external forces when the bladder is filled. Bladder rupture is categorized as extraperitoneal or intraperitoneal, and treatments differ between the two. Extraperitoneal injury usually heals after drainage alone, whereas intraperitoneal injury usually requires surgical intervention such as a combination of surgical repairs and drainage. Herein, we report a pediatric case of intraperitoneal bladder rupture successfully treated without surgical repair (i.e., with drainage via an intraperitoneal tube and a urethral catheter only). Our
Introduction
Bladder injuries are mostly caused by blunt trauma sustained in traffic accidents and rarely by penetrating trauma such as stab wounds [1, 2] . Bladder rupture is classified as extraperitoneal or intraperitoneal based on the form of the rupture. Extraperitoneal bladder rupture (70-90%) is more common than intraperitoneal bladder rupture (15-25%) and both types together (5-12%) [1, 3] . Shear force on the bladder due to pelvic fractures is the main cause of extraperitoneal rupture [4] , whereas a sudden increase in intra-abdominal pressure due to blunt trauma is the main cause of intraperitoneal rupture, which mostly occurs at the bladder dome [5, 6] . Extraperitoneal and intraperitoneal bladder ruptures are treated differently [7] [8] [9] . Although intraperitoneal bladder rupture usually requires surgical procedures [7] , we herein report a pediatric case of intraperitoneal bladder rupture successfully treated via a nonoperative procedure.
Case Report
A 3-year-old boy with no medical history was injured in a traffic accident and transported to a primary care hospital. Fractures of the right iliac and pubic bones were diagnosed and treated conservatively during hospitalization. On day 2 postinjury, the patient was transferred to our hospital owing to urinary retention, abdominal distension, and suspected bladder injury on contrast-enhanced computed tomography (CT). Drowsy consciousness (Glasgow Coma Scale 14, E3V5M6) and tachypnea (respiratory rate 36 breaths/min) were noted. Oxygenation was slightly impaired, with an SpO2 level of 94% on oxygen at 10 L/min. Blood pressure was 131/76 mm Hg, and heart rate was 130 beats/min. Physical examination revealed significant abdominal distension, and arterial blood gas analysis revealed metabolic acidosis (pH 7.26, PaCO2 37 mm Hg, PaO2 319 mm Hg, HCO3 --16.2 mEq/L). In laboratory tests the following were above normal: white blood cell count (14,800/μL), prothrombin time/international normalized ratio (1.27), partial thromboplastin time (27.8 s), C-reactive protein (1.9 mg/dL), fibrin degradation product (11.9 μg/mL), and D-dimer (5.3 μg/mL) levels. On CT, bilateral pulmonary atelectasis, fractures of the right iliac and pubic bones, and contrast medium leakage from the urinary bladder were evident (Fig. 1) . No obvious organ injury other than intraperitoneal bladder rupture requiring laparotomy was recognized using CT. Cystography using a urethral catheter showed injury of the bladder dome (Fig. 2) .
Since the patient presented with drowsy consciousness, tachypnea, and tachycardia, tracheal intubation was performed. At the same time, a 10-Fr silicon catheter (Becton, Dickinson and Company) was inserted as the urethral catheter under radioscopy without resistance. Immediately following catheterization, 100 mL of hematuric urine was drained. Subsequently, hematuria was not noted for about 1 h. Abdominal drainage was performed with an 8-Fr polyurethane pigtail catheter (CREATE MEDIC Inc.). Consequently, the amount of abdominal drainage via an intraperitoneal tube reached 1,100 mL and the abdominal distension and metabolic acidosis began to disappear. As the drainage had been effectively performed during the catheter insertion on day 3 postinjury, the patient was weaned from the ventilator and tracheal extubation was performed. On day 5 postinjury, the abdominal drainage catheter was removed after having confirmed that the drainage speed had become <5-10 mL/hour. On day 12 postinjury, the urethral catheter was removed after cystography and showed no contrast medium leakage. On day 13 postinjury, the patient was returned to the primary care hospital for bed rest until the pelvic bone fractures had healed.
Discussion
In this paper we report a pediatric case of traumatic intraperitoneal bladder rupture with pelvic fracture that was successfully treated via conservative treatment without surgical repair.
Extraperitoneal bladder rupture usually heals after urethral catheterization alone. Only in specific cases, such as those involving bone fragments, rectal perforation, severe hematuria, or combined injuries requiring laparotomy, surgical repairs are needed. Intraperitoneal bladder rupture, on the other hand, is usually surgically repaired via laparotomy and urethral drainage owing to its low rate of spontaneous healing and the high risk of peritonitis, acidosis, and pseudo-renal failure with consequent electrolyte imbalance [6, 10] .
There are many reports on the successful conservative treatment (i.e., urethral catheterization alone or in combination with percutaneous drainage catheterization) of iatrogenic intraperitoneal bladder rupture. Mulkey and Witherington [11] reported a case of bladder tumor, and Richardson and Leadbetter [12] reported a case of cervical carcinoma in an adult patient. Osman et al. [13] presented four pediatric cases of intraperitoneal bladder rupture with conservative treatment who had significantly shorter hospital stays (3-11 days) than cases involving surgical repairs (6-23 days). There are also case reports of successful conservative treatment of traumatic intraperitoneal bladder rupture in adult patients [14, 15] . Hayakawa et al. [14] presented a case of blunt traumatic intraperitoneal bladder rupture and severe pelvic fracture, which required transcatheter arterial embolization and bone fixation. In these cases, surgical repair for intraperitoneal bladder ruptures was not needed except for patients with other abdominal organ injuries. Conservative treatment was considered to have less likely resulted in infectious consequences and additional bleeding. Geng et al. [15] also reported a case of intraperitoneal bladder rupture without surgical repair using the urethral catheter alone. As the incidence of lower urinary tract injury in association with pelvic fracture is lower in children (1%) than in adults (10-25%) [8] , pediatric patients may be more likely to become adapted to conservative treatment without surgical repairs in comparison to adult patients. Table 1 presents four cases of blunt trauma in pediatric patients with traumatic intraperitoneal bladder rupture with conservative treatment. Nonoperative treatment for traumatic intraperitoneal bladder rupture is appropriate in the following circumstances: (1) no organ injury that requires laparotomy, (2) availability of adequate drainage, and (3) no complications such as peritonitis. In summary, conservative treatment without laparotomy might become an optional treatment for intraperitoneal bladder rupture if certain conditions are met. Our patient had traumatic intraperitoneal bladder rupture accompanied by pelvic fractures, but no injury to other organs was noted. Moreover, both urethral and abdominal drainage were extremely effective for intravesical decompression without infection and interventional complications. Our patient might have been cured through conservative therapy alone without surgical repairs, because these conditions were fortunately met.
The previously mentioned discussions, however, were based on only case series which contained few cases. Moreover, we found no evidence about the differences in the incidence rate of peritonitis and mortality rate compared between conservative management and surgical repairs. In addition, although patients with bladder rupture have a high mortality rate, close observation of the patients' conditions is essential to allow timely changes in treatment, including performance of surgical procedures if conservative management is chosen. 
